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Abstract 
Based on the decoupling theory, the article constructs decoupling indicators, and calculates total decoupling index of 
China, decoupling index of different energy sorts and industries, according energy consumption data of China between 
1980 and 2009. It analyzes the changing relationship between economic development and energy consumption in 
different times and on different aspects, concludes that the total decoupling index of China increase steadily, that the 
relevance of different sorts of energy is insufficient, that the decoupling index of tertiary industry is too high. 
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Based on “decoupling” theory, the article constructs the evaluation indicator of energy use efficiency -
decoupling index, to reflect the changes and coordination of economic growth and energy consumption.  
1. Introduction of Decoupling 
Through long-term dynamic observation, it  has been found that in the process of economic 
development, total material consumption grows along with the growth of economic aggregate at the 
beginning of economic development, but a reverse change will occur later in a particu lar stage, as a result 
the decrease of material consumption during an economic growth will be achieved, which is known as 
“decoupling”. it reflects the non-synchronous changes of economic growth and material consumption. 
When studying the energy saving and emission reduction of OECD countries from 1960 to 1999, another 
scholar[1] found that in some cases, environmental pressure decreased for a period (decoupling) then rose 
again (re-coupling). With further study, it has been found that most of the current worldwide de-couplings 
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are showed as a lower growth rate of environmental p ressure than that of economic development, that is t o 
say, the environmental pressure is relatively lower.  
Duan Ning with other scholars [2], introduced two major evaluation models which  evaluate western 
“decoupling” theory of the relationship between economic growth and material consumption. Through 
further comparison and analysis of evaluation methods and evaluation processes, they proposed that 
considering from the two aspects of theoretical analysis and practical application, these methods should be 
applied correctly, and more attention should be paid to  the evaluation models of total amount study. 
2. Calculation of Decoupling Index 
According to whether the decrease of energy consumption per unit GDP will cause the reduction of 
total energy consumption, decoupling can be divided into two forms: relative d ecoupling and absolute 
decoupling. The article will refer to the decoupling and re-coupling theory of economic growth and 
energy consumption to calculate Decoupling Index (Abbreviated as DI)[3].  
Decoupling Index (DI) is a ratio of the change rate of resources consumption to the change rate of 
economic scale in a period of time. The calculation of decoupling index is shown as formula  (1). 

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Where DIn is decoupling index in year n; EIn is chain index of energy consumption in year  n; GIn is chain  
index of GDP in year n. Calculation of this indicator has 3 results: 
x DI<1, energy consumption grows slower than GDP, generally showed as decoupling;  
x DI >1, energy consumption grows faster than GDP, generally showed as re-coupling; 
x DI =1, the changes of energy consumption and GDP are almost synchronous. 
Simply use the decoupling index cannot explain accurately the extent of decoupling and re -coupling, it 
needs combining the rate indicators of output value and energy consumption to give a comprehensive 
description of the relationship between economic development and energy consumption in a country. (Table 1) 
Table 1. Decoupling and re-coupling conceptual model of economic growth and energy consumption 
Decoupling and re-coupling Name Conditions State 
Decoupling 
DI<1 
Absolute decoupling GI > 1ˈEI < 1 
Ideal state 
Relative decoupling GI > 1ˈEI > 1 
Recessive decoupling GI < 1ˈEI < 1 Permissible state 
Re-coupling 
DI >1 
Expansive re-coupling GI > 1ˈEI > 1 
Inadvisable state Absolute re-coupling GI < 1ˈEI > 1 
Relative re-coupling GI < 1ˈEI < 1 
3. Empirical Analysis of Decoupling Index 
According to formula (1), on the basis of measuring the decoupling o f China’s economic development 
and energy consumption, we fu rther measure the decoupling of China’s economic development and 
different types of energy consumption, as well as the decoupling of different industrial output value and 
energy consumption.  
3.1 Decoupling Measurement of China’s economic development and energy consumption  
According to the calculation using the data in China Statistical Yearbook, over the period of 1980 to 
2009, at the constant prices of 2005, China’s average annual g rowth rate of GDP was 1 0.04%, and the 
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average annual growth rate of energy consumption over the same period was 5.77%. Overall, China’s 
GDP grows faster than energy consumption, a steady decoupling situation  is shown, but the specific 
decoupling states of each year are different. (Table 2) 
Table 2. China’s decoupling indexes of economic growth and energy consumption from 1981 to 2009  
Year DI Year DI Year DI Year DI Year DI 
1981 0.9371 1987 0.9603 1993 0.9323 1999 0.9591 2005 0.9933 
1982 0.9574 1988 0.9647 1994 0.9357 2000 0.9548 2006 0.9728 
1983 0.9598 1989 1.0016 1995 0.9635 2001 0.9543 2007 0.9499 
1984 0.9322 1990 0.9806 1996 0.9369 2002 0.9717 2008 0.9477 
1985 0.9531 1991 0.9631 1997 0.9198 2003 1.0478 2009 0.9653 
1986 0.9687 1992 0.9208 1998 0.9292 2004 1.0550   
According to the defined standards in Table 1, China’s economic g rowth and energy consumption were 
showed as absolute decoupling in 1981, expansive re-coupling appeared in 1989, 2003 and 2004, relat ive 
decoupling appeared in other years.  
3.2 Measure of decoupling between economic development and different kinds of energy consumption. 
We measure the degree of decoupling between economic development and different variet ies of 
energy consumption in table 3. 
Table3. The decoupling index between economic growth and different varieties of energy consumption from 1981 to 2009 in China* 
Year DI c DI p DI n DI h Year DI c DI p DI n DI h 
1981 0.9436 0.9054 0.8464 1.0543  1996 0.9230  1.0011  0.9369  0.9215  
1982 0.9705 0.9047 0.8548 1.0425  1997 0.8935  1.0034  0.9198  0.9811  
1983 0.9664 0.9192 0.9214 1.0382  1998 0.9227  0.9475  0.9292  0.9438  
1984 0.9460 0.8961 0.9322 0.8618  1999 0.9551  0.9914  1.0657  0.8706  
1985 0.9595 0.9367 0.8737 0.9531  2000 0.9359  0.9859  1.0503  1.0357  
1986 0.9687 0.9743 1.0127 0.9291  2001 0.9419  0.9371  1.0410  1.1183  
1987 0.9654 0.9491 0.8768 0.9603  2002 0.9675  0.9940  0.9717  0.9458  
1988 0.9647 0.9647 0.9647 0.9647 2003 1.0755  0.9961  1.0914  0.9329  
1989 0.9990 1.0075 0.9539 1.0443  2004 1.0505  1.0600  1.0550  1.0875  
1990 0.9832 0.9519 1.0296 1.0206  2005 1.0118  0.9233  1.0330  1.0081  
1991 0.9618 0.9921 0.9172 0.9064  2006 0.9769  0.9482  1.0850  0.9585  
1992 0.9159 0.9423 0.8747 0.9400  2007 0.9499  0.9253  1.0809  0.9641  
1993 0.9200 0.9696 0.9323 0.9894  2008 0.9370  0.9225  1.0626  1.0731  
1994 0.9395 0.8946 0.9357 1.0257  2009 0.9666  0.9442  1.0175  0.9778  
1995 0.9584 0.9690 0.9128 1.0311       
*
c
DI : Decoupling index of coal㸹 pDI : Decoupling index of petroleum㸹 nDI : Decoupling index of natural gas㸹 hDI : Decoupling index of water conservancy  etc. 
Obviously, the most decoupling index of these three fossil energies is less than 1 which indicates that 
the increasing speed of fossil energy consumption is lower than of economic growth. Compared  to the 
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decoupling index of water conservancy and other renewable energy consumption, nearly half of the year 
is greater than 1, indicating that the speed of consumption growth is faster than economic g rowth over the 
same period, and showing the expansive re-coupling. For the fossil energy, expansive re-coupling means 
the leap of energy consumption. But for renewable energy, it  means the optimization of energy structure. 
Decoupling indexes of the four different energy consumptions are 0.9603, 0.9564, 0.9688 and 0.9836. 
The highest index is water conservancy etc. This re-coupling is an inevitable trend in  the process of 
energy structure optimization. 
3.3 Measure of decoupling between the industrial output value and its energy consumption.  
At present, it is the transformation stage of economic growth  pattern which is main ly reflected in the 
adjustment of industrial structure. China has experienced the changes of more than 30 years after the 
reform and opening-up, the first industry 30.2% in 1980 to 10.3% in 2009 while the tertiary  industry rose 
from21.6% in 1980 to 43.4% in 2009. The energy intensity and energy efficiency of d ifferent industries 
output value are different, resulting that energy consumption of the industry is changing. The decoupling 
indexes of the various industry energy consumptions are shown in Table 4. 
Based on the results obtained in Table 4, the decoupling index of the first industry showed as the 
expensive re-coupling are 12 years, the relat ive decoupling 14 years, and the remain ing 3 years as an 
absolute decoupling. There are two extreme years, respectively 1981 and 1996, in which the decoupling 
index are 0.6891 and 0.6376. Th is indicates that for the first industry, the lower energy consumption 
support the growth of output value and the increase of energy efficiency ; for secondary industry, it is 
mainly  about relatively decoupled state, indicating that the growth rate of energy consumption is less than 
its output value; for the tertiary industry, main ly as a relative decoupling, there are 7 years as expensive 
re-coupling. 
Table 4. The decoupling index between various industrial output value and its energy consumption from 1981 to 2009 in China* 
year DI 1 DI 2 DI 3 year DI 1 DI 2 DI 3 year DI 1 DI 2 DI 3 
1981 0.6891  0.9977  1.0439  1991 1.0263  0.9281  0.9918  2001 1.0228  0.9521  0.9370  
1982 0.9080  0.9952  0.9311  1992 0.9403  0.8819  0.9643  2002 1.0228  0.9656  0.9584  
1983 0.9508  0.9674  0.9280  1993 0.9096  0.8866  1.0638  2003 1.1160  1.0243  1.0488  
1984 0.9438  0.9380  0.8962  1994 1.0267  0.9131  0.9053  2004 1.0818  1.0461  1.0596  
1985 1.0332  0.9035  0.9173  1995 1.0270  0.9601  0.8674  2005 1.0126  0.9868  0.9858  
1986 1.0141  0.9643  0.9459  1996 0.6376  0.9040  1.3265  2006 0.9931  0.9668  0.9673  
1987 1.0076  0.9489  0.9244  1997 0.9673  0.9106  0.9091  2007 0.9483  0.9426  0.9327  
1988 1.0271  0.9335  0.9710  1998 0.9643  0.9188  0.9286  2008 0.9162  0.9477  0.9435  
1989 0.9770  1.0142  1.0037  1999 0.9976  0.9517  0.9608  2009 0.9854  0.9606  0.9668  
1990 0.9533  0.9869  1.0003  2000 1.0112  0.9457  0.9541      
* DI 1: Decoupling index of the first industry˗ DI 2: Decoupling index of the secondary industry˗ DI 3: Decoupling index of the tertiary industryǄ 
Taking these three results, there are 3 states about China's decoupling index from 1981 to 2009, 
namely, the absolute decoupling, relat ive decoupling and expensive re-coupling. The relative decoupling 
is a maximum, followed by the expansive re-coupling.  
Relative decoupling accounted for 65.52% , the expansive re-coupling 24.57%, and absolute 
decoupling 9.91%. In the years of the expensive re-coupling, there are 12 years formed by renewable 
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energy, which shows the process of China's energy structure optimization. Therefore, from the results of 
29 years, various decoupling index, the relat ionship between economic developmen t and energy 
consumption shows a good trend. 
4. Conclusion 
The calculation of decoupling index in different periods shows the relations between  economic 
development and energy consumption, as following characteristics: 
Firstly, China's total decoupling index increases steadily. China is in a period of rap id economic 
development, and is facing energy constraints, so improving  energy efficiency is a priority. However, the 
reduction of the decoupling index reflects energy efficiency improvement. From the analysis above, the 
average of total decoupling index from 1981 to 2009 is 0.9612. Overall, the relationship between 
economic development and energy consumption is in a decoupling state, but the decoupling condition is 
relative to rapid  economic development. That is to say, high economic growth covers high energy 
consumption, and this decoupling still brings about the rapid increase of absolute amount of energy 
consumption. The increasing speed of energy consumption in China is higher 2.18% than the world 
average annual growth rate of 3.59 percentage points over the same period. It’s  possible to decline for 
total decoupling index in China. We can decrease the growth rate of energy consumption under the 
premise of stabling economic growth, and can also improve economic growth under the premise of 
maintaining the existing energy consumption growth rate. 
Secondly, the re -coupling extent of renewable energy is not enough. The smaller the decoupling index 
is, the higher the energy efficiency which supports the economic development is. But it is not so for the 
decoupling index of different energy consumption in a certain period . For the decoupling index of 
renewable energy, we should increase the decoupling index. That is to say, to achieve re -coupling state 
illustrates the process of energy structure optimization and adjustment in China. When analyzing energy 
utilizat ion, we should pay attention to changes in total energy consumption, while changes in energy 
structure can not be ignored. The increase of renewable energy consumption is bound to result in re-
coupling, but this re-coupling is due to improvement of energy use quality, and it is a goal of restructuring 
energy use in all countries. Therefore, it is a key point to increase utilization of renewable energy and to 
improve the level of re-coupling. 
Thirdly, the tertiary industry still has a high decoupling index. As a result of the characteristics of 
industrial production, its energy intensity level is different. Compared to the second industry, the tertiary 
industry has lower energy intensity. Increasing the output value of tertiary industry is one of the most 
important signs of changing economic growth mode. The result shows that the highest decoupling index 
is tertiary industry, the annual average is 0.9705, and there is an upward trend in recent years, indicating 
that energy use efficiency of tertiary industry is decreasing. This requires further research to achieve the 
purpose of lowing overall decoupling index by adjusting the industrial structure. 
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